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Abstract

Responses to angiotensin I and antiogensin I-(3~10), the precursors for angiotensin II and IV, were investigated in the mesenteric
vascular bed of the cat. Under constant-flow conditions, injections of precursors and the active peptides into the mesenteric arterial
perfusion circuit caused dose-related increases in receptor antagonist that were attenuated by the angiotensin AT, receptor antagonist
DuP532 (2-propyl-4-pentafluoroethyl-1-[2'-(2 H-tetrazol-5-YL)-1,1-biphenyl-4-YL methyl]i H-imidazole-5-carboxylic acid), but not by
the angiotensin AT, receptor antagonist PD123,319 ((S)1-[[4-(dimethylamino)-3-methylphenylimethyl]-5-(diphenylacetyl)-4,5,6.7-
tetrahydro- 1 H-imadazo[4,5-c]pyridine-6-carboxylic acid, ditriflouroacetate]). Responses to angiotensin I and II were similar as were
responses to angiotensin [{(3-10) and angiotensin IV, and these responses were not altered by the presence of a time-delay coil in the
perfusion circuit. Responses to angiotensin I and angiotensin [-(3-10) were decreased by the angiotensin converting enzyme inhibitor
enalaprilat in a dose of the angiotensin converting enzyme inhibitor that had no effect on responses to angiotensin II and IV and that
enhanced vasodilator responses to bradykinin. The putative angiotensin AT, receptor agonist, p-aminophenylalanine®-angiotensin II,
produced dose-related increases in mesenteric arterial perfusion pressure that were reduced by DUP532, suggesting that they are mediated
by angiotensin AT, receptors. These results suggest that angiotensin I and angiotensin I-(3-10) are rapidly and efficiently converted by an
angiotensin converting enzyme-dependent pathway into active peptides that induce vasoconstriction by activating angiotensin AT,
receptors in the mesenteric vascular bed of the cat.
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1. Introduction tance of the angiotensin AT, receptor, and it has been
suggested that angiotensin AT, receptor activation may
play a role in the regulation of fetal growth and develop-
ment (Bottari et al., 1993).

The primary site for the conversion of angiotensin I to
angiotensin II is historically believed to occur in the lung
where the angiotensin converting enzyme is located on the
surface of pulmonary capillary endothelial cells (Peach,
1977). Recent studies have suggested that, in addition to
the pulmonary capillary bed, there may be significant
angiotensin converting enzyme activity in the upstream
resistance vessel segments within the hindlimb and pul-
monary vascular beds of the cat (Cheng et al., 1994;
Garrison et al., 1995). Angiotensin III may be formed from
angiotensin I by aminopeptidase A, and the heptapeptide
has been reported to be equipotent to angiotensin II in
" Corresponding author. Tel: +1 504 588 5444 fax: +1 504 5888 eliciting vasoconstriction and stimulating the release of
5283, aldosterone from the adrenal cortex (Semple et al.. 1976;

Angiotensin II is a potent vasoactive peptide that plays
an important role in the regulation of vasomotor tone,
sodium and water homeostasis (Regoli et al., 1974; Peach.
1977, Timmermans et al., 1993). Responses to angiotensin
IT are mediated by specific cell surface receptors, and the
development of potent non-peptide angiotensin II receptor
antagonists has led to the identification of two major
angiotensin II receptor subtypes, AT, and AT, (Blankley
et al., 1991; Timmermans et al., 1993). It is generally
accepted that most, if not all, of the cardiovascular re-
sponses to angiotensin 11 are mediated by angiotensin AT,
receptor activation (Bottari et al., 1993; Timmermans et
al., 1993). Less is known regarding the functional impor-
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Cheng et al., 1994; Nossaman et al., 1994; Chiu et al.,
1976).

Angiotensin IV, a hexapeptide, is historically believed
to have little if any biological activity (Blair-West et al.,
1971; Harding et al., 1992; Bernier et al., 1994). An-
giotensin IV may be formed from angiotensin II by amino-
peptidase M, or alternatively, by an angiotensin converting
enzyme-dependent pathway from the precursor peptide
angiotensin 1-(3-10) (Blair-West et al., 1971; Semple et
al., 1976; Ward, 1984; Ahmad and Ward, 1990). Recently,
angiotensin IV was reported to exhibit vasodilator activity
in rabbit brain arterioles when administered with L-arginine
and to increase renal cortical blood flow when infused in
the anesthetized rat (Haberl et al., 1991; Swanson et al.,
1992). In normal human subjects, angiotensin IV is re-
ported to increase mean arterial pressure (Kono et al.,
1985) and has been shown to produce dose-dependent
reductions in renal and mesenteric blood flow in the
conscious rat (Gardiner et al., 1993). Although angiotensin
IV has been shown to possess significant vasoconstrictor
activity in the hindlimb and pulmonary vascular beds of
the cat, little if anything is known about responsés to
angiotensin IV or its precursor angiotensin I4(3-10) in the
mesenteric vascular bed (Cheng et al., 1994; Garrison et
al., 1995).

The present study was, therefore, undertaken to investi-
gate responses to angiotensin IV and its precursor, an-
giotensin [-(3-10), and to compare these responses with
those elicited by angiotensin II and its precursor, an-
giotensin I, in the mesenteric vascular bed of the cat. The
receptor subtype mediating responses to the angiotensin
peptides and the putative angiotensin AT, receptor agonist,
p-aminophenylalanine®-angiotensin II, were investigated
using the angiotensin AT, receptor antagonist, DuP532
(2-propyl-4-pentafluoroethyl-1-[2'-(2 H-tetrazol-5-YL)-
1,1'-biphenyl-4-YL methyl]1 H-imidazole-5-carboxylic
acid), and the angiotension AT, receptor antagonist,
PD123,319 ((S)1-{[4-(dimethylamino)-3-methylphenyl]-
methyl]-5-(diphenylacetyl)-4,5,6,7-tetrahydro- 1 H-imadazo-
[4,5-c]pyridine-6-carboxylic acid, ditriflouroacetate]). The
role of angiotensin converting enzyme in mediating re-
sponses to angiotensin 1-(3—10) and angiotensin I in the
mesenteric vascular bed were investigated using the an-
giotensin converting enzyme inhibitor, enalaprilat.

2. Materials and methods

Fifty-two adult cats unselected as to sex, weighing
2.5-4.0 kg, were sedated with ketamine (10-15 mg/kg
i.m.) and anesthetized with pentobarbital sodium (30
mg/kg i.v.). Supplemental doses of pentobarbital were
given as needed to maintain a uniform level of anesthesia.
The trachea was cannulated to ensure a patent airway, and
the animals breathed room air or were ventilated with a
Harvard model 607 respiratory at a tidal volume of 40-60

ml at a rate of 15-22 breaths /min. Catheters were inserted
into the external jugular vein for the i.v. administration of
drugs and into the carotid artery for the measurement of
systemic arterial (aortic) pressure. For constant-flow perfu-
sion of the mesenteric vascular bed, the superior mesen-
teric artery was approached through a midline abdominal
incision and cleared of surrounding connective tissue. Fol-
lowing the administration of heparin sodium (1500 U /kg),
the femoral artery was cannulated and connected to the
inlet side of the perfusion circuit. The outlet side of the
perfusion circuit was connected to a catheter inserted into
the superior mesenteric artery. Blood flow to the small
intestine was maintained constant with a Sigmamotor model
T-8 peristaltic pump.

Superior mesenteric arterial perfusion pressure was
measured by way of a lateral tap in the perfusion circuit
located between the pump and the outlet side of the
perfusion circuit. Superior mesenteric arterial perfusion
pressure and systemic arterial pressure were measured with
Statham P23 pressure transducers and were recorded on a
Grass model 7 polygraph. Mean pressures were derived
from the pulsatile pressure signal by electronic averaging,
and the perfusion rate was set so that superior mesenteric
arterial perfusion pressure approximated systematic arterial
pressure and was not changed during an experiment. The
flow rate was determined by timed collection and ranged
from 25 to 32 ml/min. The agonists used in these experi-
ments were injected directly into the superior mesenteric
arterial perfusion circuit distal to the pump in small vol-
umes (30 and 100 1), and the superior mesenteric gan-
glion was ligated and cut to denervate the superior mesen-
teric vascular bed. These procedures were described previ-
ously (Osei et al., 1993).

In the present study, five series of experiments were
performed; and in the first series of experiments, responses
to angiotensin, I, I, IV, and angiotensin [-(3—10) were
compared on a nmol basis. The dose range for the an-
giotensin peptides was found to be 0.01-100 g in pilot
experiments; and responses to the angiotensin peptides
were reproducible with respect to time; and tachyphylaxis
was not observed when injections were repeated at 10-20
min intervals. In the second series of experiments the
effect of a 30—60 s time-delay coil on the inlet side of the
perfusion circuit on the response to angiotensin I and
angiotensin 1-(3-10) was investigated to ascertain if pe-
ripheral conversion and recirculation of active peptide
contributed to the increase in mesenteric arterial perfusion
in response to the precursors. The time-course of the
response of the increase in mesenteric arterial perfusion
pressure was assessed by measuring and plotting perfusion
pressure at 10 s intervals. In the third series of experiments
the effect of the angiotensin converting enzyme inhibitor,
enalaprilat, in a dose of 4 mg/kg i.v. on responses to
angiotensin 1 and angiotensin I-{(3-10) were investigated.
In these experiments the effects of the angiotensin convert-
ing enzyme inhibitor on responses to bradykinin, norepi-



H.C. Champion et al. / European Journal of Pharmacology 309 (1996) 251-259 253

nephrine, angiotensin II, and angiotensin IV were investi-
gated. In the fourth and fifth series of experiments, the
effects of the angiotensin I subtype 1 (AT,) receptor
antagonist DuP532 (100 wg/kg i.v.) and the angiotensin II
subtype 2 (AT,) receptor antagonist PD123,319 (5-20
mg/kg i.v.) on responses to the angiotensin peptides and
to norepinephrine were investigated. In the last series of
experiments responses to the putative angiotensin AT,
receptor agonist, p-aminophenylalanine®-angiotensin I,
were investigated; and the effects of DUP532 and
PDI123.319 on responses to p-aminophenylalanine®-
angiotensin Il were ascertained.

The agonists used in these studies were norepinephrine
bitarrate, angiotensin I, angiotensin II, p-aminopheny-
lalanine®-angiotensin 11 (Sigma Chemical, St. Louis, MO,
USA), and angiotensin IV (Peninsula, Belmont, CA, USA)
and were dissolved in 0.9% NaCl. Angiotensin -(3-10)
was prepared by Ms. Carol G. Carlton in the Department
of Biochemistry at Tulane University School of Medicine
on an Applied Biosystems model 430A peptide synthesizer
using solid-phase synthesis with Fast-Moc chemistry. The
purity of the angiotensin I1-(3—10) was assessed by mass
spectroscopy using a Vastec 201 mass spectrometer and an
Electrospray interface with a quadrupole mass analyzer
and was estimated to be > 99%. All agonists were in-
jected directly into the superior mesenteric arterial perfu-
sion circuit. The antagonists or inhibitors used in these
studies were DuP532 (2-propyl-4-pentafluoroethyl-1{2'-
(2 H-tetrazol-5-YL)-1,1-biphenyl-4-YL  methyl]l H-im-
idazole-5-carboxylic acid; DuPont-Merck, Wilington, DE,
USA), PD 123319 ((S)1-[[4-(dimethylamino)-3-methyl-
phenyl]methyl]-5-(diphenylacetyl)-4,5,6,7-tetrahydro- 1 H-
imadazo[4,5-c]pyridine-6-carboxylic acid, ditriflouroac-
etate]; Parke-Davis, Ann Arbor, MI, USA), and enalaprilat
(Merck Sharp and Dohme, West Point, PA, USA) and
were dissolved in 0.9% NaCl and administered intra-
venously. Responses to the agonists used in these studies
were compared before and beginning 10 min after adminis-
tration of the angiotensin converting enzyme inhibitor or
the angiotensin receptor blockers. All drug solutions were
prepared on a frequent basis, stored in brown stoppered
bottles, and kept on crushed ice during an experiment.

The hemodynamic data are expresed as mean + S.E.
and were analyzed using a one-way analysis of variance
with repeated measures and Scheffe’s F test or a paired
t-test (Snedecor and Cochran, 1980). A P value of < 0.05
was used as the criterion for statistical significance.

3. Results

3.1. Responses to angiotensin I, 1I, IV, and angiotensin
1-(3-10)

Under constant-flow conditions, injections of an-
giotensin 1, TI, IV, and angiotensin 1-(3-10) into the
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Fig. 1. Dose-response curves comparing increases in perfusion pressure in
response to angiotensin I and II (A) and angiotensin 1-(3-10) and
angiotensin IV (B) in the mesenteric vascular bed of the cat. The peptides
were injected directly into the mesenteric arterial perfusion circuit. n
indicates number of animals.

mesenteric arterial perfusion circuit caused dose-related
increases in mesenteric arterial perfusion pressure (Fig. 1).
Responses to the angiotensin peptides were reproducible
with respect to time when injections were repeated on a
10-20 min basis (data not shown). When doses of the four
angiotensin peptides are expressed on a nmol basis, the
dose-response curves for the intra-arterial injections of
angiotensin I and II were very similar (Fig. 1A). The
dose-response curves for the intra-arterial injections of
angiotensin 1-(3—-10) and angiotensin IV were also very
similar (Fig. 1B). In terms of relative vasoconstrictor
activity in the mesenteric vascular bed, angiotensin II was
approximately 300 times more potent than angiotensin IV
when doses are compared on a nmol basis (Fig. 1).

The time-course for the increase in mesenteric arterial
perfusion pressure in response to angiotensin I, II, an-
giotensin [-(3—10), and angiotensin IV, and the effect of a
time-delay coil on the inlet side of the perfusion circuit are
displayed in Figs. 2 and 3. The time of onset and for the
peak increase in perfusion pressure in response to injec-
tions of angiotensin I and II at 0.3 pg into the mesenteric
perfusion circuit was similar., whereas the duration of the
response to the precursor was longer when compared with
the duration of the response to angiotensin II (Fig. 2). The
presence of a time-delay coil on the inlet side of the
perfusion circuit had no effect on the amplitude or the
time-course of the pressor response to angiotensin I or I1
(Fig. 2).

In a manner similar to that observed with angiotensin I
and 11, the time of onset and the time for attainment of the
peak increase in perfusion pressure were similar when
angiotensin I-(3—10) and angiotensin IV were injected in a
dose of 30 pg into the perfusion circuit, whereas the
duration of the response to the precursor was longer than
the duration of the response to angiotensin IV (Fig. 3). The
presence of the time-delay coil on the inlet side of the
perfusion circuit had no significant effect on the amplitude
or duration of the pressor response to angiotensin [-(3-10)
or angiotensin IV (Fig. 3).
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Fig. 2. Time-course of the increase in mesenteric arterial perfusion
pressure in response to angiontensin I and II when the standard perfusion
circuit was used and when a 30—60 s time-delay coil was placed on the
inlet side of the perfusion circuit. The peptides were injected at time zero,
and » indicates number of animals.

3.2. Effects of enalaprilat

The effects of the angiotensin converting enzyme in-
hibitor, enalaprilat, on pressor responses to angiotensin I
and angiotensin 1-(3—10) were investigated, and these data
are summarized in Fig. 4. Following administration of
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Fig. 3. Time-course of the increase in mesenteric arterial perfusion
pressure in response to angiotensin I-(3-10) and angiotensin IV when the
standard perfusion circuit was used and when a 30-60 s time-delay coil
was placed on the inlet side of the perfusion circuit. The peptides were
injected at time zero, and n indicates number of animals.
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Fig. 4. Effect of the angiotensin converting enzyme inhibitor, enalaprilat.
in doses of 4 mg /kg i.v. on responses to angiotensin I, I, I'V, angiotensin
1-(3-10), bradykinin, and S-nitroso-N-acetylpenicillamine (SNAP) in the
mesenteric vascular bed of the cat. Responses were compared before and
beginning 10 min after the administration of enalaprilat. n indicates
number of experiments, and the asterisk indicates that responses are
significantly different than control.

enalaprilat in a dose of 4 mg/kg i.v., the increases in
mesenteric arterial perfusion pressure in response to an-
giotensin I and angiotensin I-(3—10) were reduced signifi-
cantly (Fig. 4). Following administration of the angiotensin
converting enzyme inhibitor, the increases in mesenteric
arterial perfusion pressure in response to angiotensin II and
IV were not altered, whereas enalaprilat significantly in-
creased the mesenteric vasodilator response to bradykinin
(Fig. 4). The angiotensin converting enzyme inhibitor had
no significant effect on the decrease in mesenteric arterial
perfusion pressure in response to injections of the nitric
oxide donor, S-nitroso-N-acetylpenicillamine (Fig. 4). The
administration of enalaprilat in a dose of 4 mg/kg i.v.
caused a significant decrease in systemic arterial and
mesenteric arterial perfusion pressure (data not shown).

3.3. Effects of DuP532 and PDI123,319 on responses to
angiotensin IV

The effects of the angiotensin AT, receptor antagonist
DuP532 on mesenteric vasoconstrictor responses to an-
giotensin II and IV were investigated, and these data are
summarized in Fig. 5. Following administration of DuP532
in a dose of 100 pg/kg i.v., increases in mesenteric
arterial perfusion pressure in response to angiotensin I and
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Fig. 5. Intluence of the angiotensin AT, receptor antagonist, DuP532
(100 prg/Kkg i.v.). on responses to angiontensin I, 1, IV, angiotensin
[-(3-10), and norepinephrine (NE) in the mesenteric vascular bed of the
cat. Responses were compared before and beginning 10 min after admin-
istration of the receptor antagonist. n indicates number of experiments.
and the asterisk indicates that responses are significantly different than
control.

angiotensin 14(3-10) were reduced significantly (Fig. 5).
The angiotensin AT, receptor antagonist also significantly
decreased pressor responses to angiotensin II and an-
giotensin IV without altering the pressor response to norepi-
nephrine (Fig. 5). DuP532 had no significant effect on
baseline systemic arterial pressure or on mesenteric arterial
perfusion pressure when administered in a dose of 0.1
mg/kg i.v. (data not shown).

The effects of the angiotensin AT, receptor antagonist,
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Fig. 6. Influence of the angiotensin AT, receptor antagonist, PD123,319
(5-10 mg/kg i.v.), on responses to angiotensin I, II, IV, angiotensin
1-(3~10), and norepinephrine (NE) in the mesenteric vascular bed of the
cat. Responses were compared before and beginning 10 min after admin-
istration of PD 123,319. n indicates number of experiments, and the
asterisk indicates that the response is significantly different than control.
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Fig. 7. Effect of the putative angiotensin AT, receptor agonist, p-
aminophenylalamine® ( p-NH,-Phe®)-angiotensin II, on mesenteric arte-
rial perfusion pressure and the influence of PD123.319 (5-10 mg/kg
i.v.) and DuP532 (100 wg/kg i.v.) on increases in mesenteric arterial
perfusion pressure in response to p-NHZ-Phe"—angiolensin II. Responses
were compared before and beginning 10 min after administration of the
receptor antagonists. n indicates number of animals, and the asterisk
indicates that the response is significantly ditferent than control.

PD123,319, on pressor responses to the angiotensin pep-
tides were investigated, and these data are summarized in
Fig. 6. Following administration of PD123.319 in a dose of
5-10 mg/kg i.v., increases in mesenteric arterial perfusion
pressure in response to angiotensin I, 1I, IV, angiotensin
1-(3—10), and to norepinephrine were not altered (Fig. 6).
PD123,319, when injected in a dose of 5-10 mg/kg i.v.,
had no consistent effect on systemic arterial or mesenteric
arterial perfusion pressure (data not shown).

In an additional series of experiments, vasoconstrictor
responses to the angiotensin peptides were compared be-
fore and after administration of the putative AT, receptor
antagonist, PD123,319, in a dose of 20 mg/kg i.v. in 3
cats, and these data are summarized in Table 1. Systemic
arterial and mesenteric perfusion prssures (110 + 5 and
121 + 8, respectively) were not significantly altered 10
min after administration of PD123,319 in a dose of 20
mg/kg i.v. (112 + 6 and 126 + 7, respectively). The puta-
tive AT, antagonist was without significant effect on
vasoconstrictor responses to p-aminophenylalanine®-
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Table 1
Influence of PD123,319 (20 mg/kg i.v.) on changes in mesenteric
arterial perfusion pressure (mm Hg) in the cat

n=3 Control PD123,319
Angiotensin I

0.03 pg 35+3 28+8
0.1 pg 45+5 4845
03 pg 93+6 85+5
Angiotensin Il

0.03 ng 23+£5 28+8
0.1 pg 43+3 4545
03 pg 9245 88+7
Angiotensin I1-(3-10)

Jug 2345 33+8
10 pg 3545 43+8
30 pg 73+8 80+ 10
Angiotensin IV

3pg 38+3 35+5
10 pg 6313 60+3
30 pg 80+7 72410
p-Aminophenylalanine® -angiotensin 11

10 ng 3343 38+8
30 pg 38+8 4345
100 pg 55+5 53+8
Bradykinin

03 ng -20+3 —25+6
I g —45+5 —50+£5
Norepinephrine

0.3 pg 38+8 33+3

I pg 6545 63+5

angiotensin I when compared to control in the mesenteric
vascular bed of the cat (Table 1). Increases in mesenteric
arterial perfusion pressure in response to angiotensins I, II,
and IV were not changed by PD123,319 in a dose of 20
mg/kg i.v. (Table 1). In addition, vasodilator responses to
bradykinin and vasoconstrictor responses to norepi-
nephrine were not significantly changed following admin-
istration of PD123,319 in a dose of 20 mg/kg i.v. (Table
1).

3.4. Responses to p-aminophenylalanine®-angiotensin II

p-Aminophenylalanine®-angiotensin II is a putative an-
giotensin AT, receptor agonist, and injections of the pep-
tide in doses of 3—100 g caused dose-related increases in
mesenteric arterial perfusion pressure (Fig. 7). Increases in
mesenteric arterial perfusion pressure in response to p-
aminophenylalanine®-angiotensin II were not changed fol-
lowing administration of PD123,319 in a dose of 5-10
mg/kg i.v. (Fig. 7). Following administration of DuP532
(100 pg/kg i.v.), increases in mesenteric arterial perfusion
pressure in response to p-aminophenylalanine®-angiotensin
IT were decreased significantly (Fig. 7).

4. Discussion

The results of the present study show that angiotensin I
and II produce similar increases in perfusion pressure in
the mesenteric vascular bed of the cat. Angiotensin I-(3-10)
and angiotensin IV also produced similar increases in
mesenteric arterial perfusion pressure, and these peptides
were approximately 300-fold less potent than angiotensin 1
or II when doses are expressed on a nmol basis. The
increases in perfusion pressure in response to angiotensin [
and to angiotensin I1-(3-10) were reduced significantly by
enalaprilat, whereas the angiotensin converting enzyme
inhibitor had no effect on responses to angiotensin I and
IV and enhanced the vasodilator response to bradykinin.
These results suggest that angiotensin I and angiotensin
I-(3-10) are rapidly and efficiently converted into active
peptides by an angiotensin converting enzyme-dependent
pathway, and that angiotensin IV has significant vasocon-
strictor activity in the mesenteric vascular bed of the cat.
The rapidity and similarity in the time-course of the in-
crease in perfusion pressure in response to local injections
of angiotensin I and angiotensin I-(3—10) when compared
with angiotensin II and IV and the absence of an effect of
a time-delay coil on the pressor response suggest that the
substrates are rapidly and efficiently converted into active
peptides within the mesenteric vascular bed, presumably at
or near the site of action of the peptides.

The site of action for angiotensin I has not been deter-
mined in the mesenteric vascular bed of the cat but has
been shown by direct microscopic examination to be small
arteries in the cremasteric vascular bed of the rat (Vicaut
and Hou, 1993). The observation that responses to an-
giotensin I and II are similar in time-course and in magni-
tude suggests that conversion of precursor into active
peptide is comparable to the observed in the hindlimb of
the cat and is greater than the 19-36% conversion that has
been reported to occur in the peripheral vascular bed of the
dog (Franklin et al., 1970; DiSalvo et al., 1971; Aiken and
Vane, 1972; Garrison et al., 1995). The reason for the
efficient conversion of angiotensin I to Il in the feline
mesenteric vascular bed when compared with other vascu-
lar beds in the dog is unknown but suggests that an-
giotensin converting enzyme activity is high in upstream
vessels and that angiotensin I could play a role in the
regulation of vascular resistance in the mesenteric circula-
tion of the cat.

The angiotensin receptor subtype mediating the increase
in mesenteric arterial perfusion pressure in response to the
angiotensin peptides was investigated, and pressor re-
sponses to angiotensin II and to angiotensin IV were
decreased by DuP332 in a dose that had no significant
effect on the response to norepinephrine. Pressor responses
to angiotensin I and to angiotensin 1-(3-10) were also
attenuated by DuP532. The results of studies with DuP532
indicate that vasoconstrictor responses to angiotensin I
and IV and to their precursors are mediated by the activa-
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tion of angiotensin AT, receptors. The angiotensin AT,
receptor antagonist had little, if any, effect on baseline
systemic arterial or mesenteric perfusion pressure whereas
enalaprilat significantly decreased these pressures. The
explanation for difference in effect of enalaprilat and the
angiotensin AT, receptor blocker may involve an effect of
the angiotensin converting enzyme inhibitor to increase
levels of bradykinin and vasodilator prostaglandins. The
role of angiotensin AT, receptor activation in the media-
tion of responses to angiotensin Il and IV was also investi-
gated, and PD123,319 in a dose of 5-20 mg/kg i.v. had
no significant effect on the response to angiotensin II or IV
or their substrates and had no significant effect on the
pressor response to norepinephrine. The efficacy of the
angiotensin AT, receptor blockage with PD123,319 is
difficult to evaluate without the availablity of studies with
an angiotensin AT, receptor agonist. p-Aminopheny-
lalanine®-angiotensin I has been reported to be an agonist
with high affinity for the angiotensin AT, receptor, which
increases thirst and sodium appetite in rats; and in the
present study in the mesenteric vascular bed of the cat, this
agent produced dose-related increases in mesenteric arte-
rial perfusion pressure (Speth and Kim, 1990; Cooney and
Fitzsimmons, 1993). However, in the present study the
increases in perfusion pressure in response to p-
aminophenylalanine®-angiotensin II were significantly at-
tenuated by DuP532, whereas PD123,319 had no signifi-
cant effect on the response to this putative angiotensin
mesenteric receptor agonist. These data suggest that p-
aminophenylalanine®-angiotensin II increases mesenteric
vascular resistance by activating angiotensin AT, receptors
as has been previously suggested in studies on thirst and
sodium appetite in the conscious rat (Cooney and Fitzsim-
mons, 1993) and in the hindlimb vascular bed of the cat
(Garrison et al., 1995).

The observation that vasoconstrictor responses to an-
giotensin II and IV and to their substrates are reduced by
DuP532 but not by PD123,319 may be interpreted to
suggest that vasoconstrictor responses to the angiotensin
peptides are mediated by the activation of angiotensin AT,
receptors, and that angiotensin AT, receptors play little if
any role in mediating or in modulating responses to these
peptides in the mesenteric vascular bed of the cat. The
inability of PD123,319 to alter responses to the angiotensin
peptides in the mesenteric vascular bed may be related to
the dose of the angiotensin AT, antagonist used or to an
absence of angiotensin AT, receptors in resistance vessels
in the mesenteric vascular bed. It would, therefore, be
useful to assess the presence of angiotensin AT, receptors
by binding studies or by measuring the messenger RNA
for these receptors in mesenteric resistance vessels. The
absence of an effect of PD123,319 on responses to an-
giotensin I or IV without an internal control response to
establish efficacy of the angiotensin AT, receptor block-
age makes the data with PD123,319 somewhat difficult to
interpret, although studies in the rat suggest that doses of

PD123,319 in the range of 10 mg/kg i.v. were capable of
modifying arterial pressure responses to angiotensin II and
I (Scheuer and Perrone, 1993).

The observation that PD123,319 in doses as high as 20
mg/kg i.v. had no significant effect on vasoconstrictor
responses to angiotensin I, I, II, or angiotensin I-(3-10)
suggests that angiotensin II AT, receptors play little, if
any, role in the mediation or modulation of responses to
the angiotensin peptides in the mesenteric vascular bed of
the cat.

Novel non-AT, /AT, binding sites for angiotensin [V
have been shown to be present in a number of tissues,
including cultured vascular smooth muscle and endothelial
cells (Harding et al., 1992; Hall et al., 1993; Hanesworth et
al., 1993; Porst et al., 1994). Angiotensin IV has been
reported to have modest pressor activity in normal human
subjects (Semple et al., 1976) and to increase mean arterial
pressure and reduce renal and mesenteric blood flow in the
conscious rat (Gardiner et al., 1993). The observation that
vasoconstrictor responses to the hexapeptide are blocked
by losartan is consistent with studies in the hindquarters
and mesenteric vascular beds of the cat and provides
support for the hypothesis that angiotensin IV has signifi-
cant vasoconstrictor activty but that the peptide has an
apparent low affinity for the angiotensin AT, receptor
(Gardiner et al., 1993; Garrison et al., 1995). Although
non-AT, /AT, binding sites for angiotensin IV are present
in cultured endothelial and vascular smooth muscle cells
(Harding et al., 1992; Hall et al.. 1993; Hanesworth et al.,
1993; Porst et al., 1994), the presence or role of non-
AT, /AT, angiotensin IV binding sites has not been estab-
lished in the mesenteric vascular bed of the cat, and the
present data with DuP532 provide support for the hypothe-
sis that responses to the hexapeptide are mediated by
angiotensin AT, receptors.

Angiotensin IV has been reported to increase cortical
blood flow when infused into the rat kidney and dilates
rabbit cerebral arterioles when administerd with L-arginine,
the precursor for nitric oxide (Haberl et al., 1991; Coleman
et al., 1993). However, in the present study. vasodilator
responses to angiotensin IV are not seen in the mesenteric
vascular bed, and these data are consistent with results
obtained in the hindlimb vascular bed of the cat (Garrison
et al., 1995) and the renal and mesenteric vascular bed of
the rat (Gardiner et al., 1993). The explanation for the
difference in results in peripheral vascular beds in the rat
and cat when compared with results obtained in the cere-
bral circulation in the rabbit is uncertain but may reflect
differences in species or experimental preparation utilized
(Haberl et al., 1991).

Results of the present study indicate that angiotensin [
and angiotensin [-(3—10) are rapidly and efficiently con-
verted into active peptides by an angiotensin converting
enzyme-dependent pathway at or near the site of action of
these peptides within the mesenteric vascular bed. These
data may be interpreted to suggest that substrates, such as



258 H.C. Champion et al. / European Journal of Pharmacology 309 (1996) 251-259

angiotensin I or angiotensin 1-(3—10), could influence vas-
cular resistance and have a local regulatory function in the
mesenteric circulation if sufficient amounts were formed
within upstream segments in the bed.

In summary, the results of the present study show that
angiotensin I and angiotensin 1-(3—10) are rapidly and
efficiently converted into active peptides within the mesen-
teric vascular bed of the cat. The vasoconstrictor responses
to the precursors are reduced by enalaprilat, suggesting
that the substrates are converted into active peptides by an
angiotensin converting enzyme-dependent pathway. Pres-
sor responses to the precursors and to angiotensin II and
IV are attenuated by DuP532 but are not altered by
PD123,319, suggesting that responses to these peptides are
mediated by the activation of angiotensin AT, receptors
and that angiotensin AT, receptors play little, if any, role
in mediating or modulating these responses. p-
Aminophenylalanine®-angiotensin II produced dose-depen-
dent increases in mesenteric vascular resistance, and re-
sponses to this peptide were reduced by DuP532, suggest-
ing that p-aminophenylalanine®-angiotensin II stimulates
angiotensin AT, receptors. The results of the present study
suggest that angiotensin 1-(3—10) and angiotensin I could
act locally to regulate vasomotor tone within the mesen-
teric vascular bed of the cat if formed in sufficient quanti-
ties.
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